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Effect of protein binding inhibition in improving the rate of removal of uremic toxins in 
hemodialysis
Nao Setoguchi, Norito Takamura, Kenji Ogata, Jin Tokunaga, Tohru Sonoda*, Osamu Ogawa**
Abstract
　Uremic toxins that strongly bind to human serum albumin (HSA) are not easily removed through 
hemodialysis (HD). We searched for drugs and endogenous substances inhibiting HSA binding of uremic 
toxins, indoxyl sulfate (IS) and 3-carboxy-4-methyl-5-propyl-2-furanpropanoic acid (CMPF), and examined 
their in vitro inhibitory effects in improving the rate of removal of IS and CMPF in HD. We evaluated 
the free fraction of IS and CMPF in mixed healthy human serum by ultrafiltration. Non-steroidal anti-
inflammatory drugs (NSAIDs), 6-methoxy-2-naphthylacetic acid (6-MNA; the active metabolite of 
nabumetone) and naproxen, and the free fatty acid (FFA) oleic acid inhibited the binding of IS to HSA. 
The free fraction of IS was markedly increased by 6-MNA, naproxen, and oleic acid. The NSAID 
bucolome and oleic acid inhibited the binding of CMPF to HSA. The free fraction of CMPF was 
markedly increased by bucolome and oleic acid. Therefore, NSAIDs and FFA may be able to inhibit 
HSA binding of IS and CMPF in HD.
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ボキシ -4- メチル -5- プロピル -2- フランプロパン酸
（3-carboxy-4-methyl-5-propyl-2-furanpropanoic acid；
CMPF）が HSA に結合するのを阻害する物質を探索し、
さらにその阻害効果を in vitro にて検討する。
材料
ブコロームはあすか製薬、ナプロキセンは田辺三菱製























UV/VIS detector、LC-30AD pump、SIL-30AC auto 
sampler、CBM-20A system controller、CTO-10Avp 
column oven）を用いて測定した。
IS および CMPF を分離するカラムは GL Sciences 
InertSustain C18（3 mm I.D.×100 mm、2 µm）を使用
した。流速0.8 mL/min、カラム温度40 °Cで稼働させ、
IS はUV 285 nm、CMPFはUV 261 nmでモニターした。
移動相はA液に0.4 M酢酸緩衝液（pH 4.5）、B液にアセ
トニトリルを用い、グラジエントで分析を行った｛5％





























Figure 1．Effects of various NSAIDs and oleic acid on 
the free fraction of IS in human serum
The following concentrations were used: [serum] (as 
HSA), 526 µM; [IS], 100 µM. Each column is the mean 
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Figure 2．Effects of various NSAIDs and oleic acid on 
the free fraction of CMPF in human serum
The following concentrations were used: [serum] (as 
HSA), 526 µM; [CMPF], 200 µM. Each column is the 



























































Figure 3．Additive effects of NSAIDs and oleic acid on 
the free fraction of IS in human serum
The following concentrations were used: [serum] (as 
HSA), 526 µM; [IS], 100 µM. Each column is the mean 
of three experiments ± S.D.. a) P<0.01 compared with 
the control. b) P<0.01 compared with the 6-MNA. 
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Figure 4．Additive effect of bucolome and oleic acid on 
the free fraction of CMPF in human serum
The following concentrations were used: [serum] (as 
HSA), 526 µM; [CMPF], 200 µM. Each column is the 
mean of three experiments ± S.D.. a) P<0.01 compared 
with the control. b) P<0.01 compared with the bucolome. 
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